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(57) Abstract: A substantially 

planar electrochemical lest slrip for 
deierminaiion of the presence and/or 
quantity of an analytc in a sample is 
provided thai has a first electrode, a first 
connectoj including iwo contact pads, 
and a first conductive lead extending 
beiwccn the first electrode and the 
first connector to establish a path 
for conduction of an electrical signal 
between the first electrode and the first 
connector; a second electrode, a second 
connector including one or more contact 
pads, and a second conductive lead 
extending between the second elect i ode 
and the second connector to establish 
a path for conduction of an electrical 
signal between the second elecuode 
and the second connector, and a sample 
chamber lor receiving a sample. The 
first and second clcctiodc are disposed 
h> contact a sample within sample 
chamber such that an electrochemical 
sipnal is generated. The coniaci pad 
oi pads ot the second connector arc 

between the contact pails ol die Jiisi lonnecwn when viewed in die plane ol the lest snip. A mcici having com acts loi use with ihe 
elccu\v)n*mic:d »«"M >»rip. :»rul :i combination ol :i meter and an Hecliorbtrrmcal tot snip :ne also provided. 
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Description 

CONNECTOR CONFIGURATION FOR ELECTROCHEMICAL 
CELLS AND METERS FOR USE IN COMBINATION 
THEREWITH 

[1] This application claims the benefit of US Provisional Application Serial No. 

60/52 1 ,555, filed' May 2 ) , 2004, which is incorporated herein by reference. 

Background of the Invention 

12] This application relates to electrochemical cells, and particularly the type of ceils 

configured as single-use strips that are used in home testing for analy tes such as 
glucose. 

(3] Combinations of test strips and meters for the electrochemical detection of analytes 

such as glucose are known. In the lest strip, there are routinely at least two electrodes 
between which an electrochemical signal. is generated- The magnitude of this signal is 
indicative of the amount of the analyte present in the sample. The signal may be a 
measurement of current, that is an amperometric signal; a measurement of potential, 
that is a potentiomelric signal, or a measurement of charge, that is a coulometric signal. 
. 14) The electrodes which make actual contact with the sample to be evaluated for the 

presence and/or amount of analyte are connected to conductive leads, which in turn are 
connected to connectors, through which the strip is connected to a meter apparatus for 
detection and processing of the electrochemical signal to provide an indication of 
presence and/or amount of analyte to the user. The use of a separate meter allows the 
use of disposable electrode strips, and reusable electronics. 

(5] In general, in known disposable electrode strips, the strip is a flat rectangular strip 

with a top and a bottom major surface, two long sides, and two short sides or ends. 
Sample is generally introduced at one end, and the connectors are generally disposed at 
the opposite end. One lead/connector combination is provided for each electrode, and 
the. leads and the associated connectors are generally disposed in a side-by side 
orientation parallel to the long sides of the strip. 

16} This configuration of the connectors represents the accepted standards. Jl has one 

significant drawback, however, in that insertion of the strip into the meter is only 
correct in one direction. If the connectors are only on one surface of the strip (for 
example, the top), the insertion of the strip upside down (that is with the lop surface 
down) may result in no electrical connection. It would be desirable to have an 
electrode connector configuration that overcomes this drawback. 

Summary of the Invention 
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|7] ' The present invention provides a substantially planar electrochemical test strip for 
determination of the presence and/or quantity of an analyte in a sample, comprising: 

[8] (a) a first electrode, a first connector comprising two contact pads, and a first 

conductive lead extending between the first electrode and the first connector to 
establish a path for conduction of an electrical signal between the first electrode and 
the first connector, 

[9] (b) a second electrode, a second connector comprising one or more contact pads, 

and a second conductive lead extending between the second electrode and the second 
connector to establish a path for conduction of an electrical signal between the second 
. electrode and the second connector, and 

[10) (c) a sample chamber for receiving a sample, said first and second electrode being 

disposed to contact a sample within the sample chamber whereby an electrochemical 
signal is generated, 

III) wherein (he contact pad or pads of the second connector are between the contact 

pads of the first connector when viewed in the plane of the test strip. 

[12) The present invention further provides a meter having contacts ifor use with the 
electrochemical test strip, and a combination of a meter and an electrochemical lest 
sirip. 

Brief Description of the Drawings 

(13) Figs. 1A and B shows an isometric view of an electrochemical cell produced by Ihe 
method of ihis invention. 

1 14] Figs. 2- A and B show embodiment of connector configurations of electrochemical 

. lest cells of ihe invention. 
1 15) Fig. 3 shows an .electrochemical lesl cell of ihe invention. 

[ 16] Fig. 4 shows an elecirochemical test cell of the invention. 

1 17] Fig. 5 shows one elecirode layer of an electrochemical lest cell of the invention. 

1 18] Fig. 6 shows a process for making electrochemical lest cells of -the invention. 

1 19) Figs. 7A-C show intermediate stages in a method of manufacture of elec- 

irochemical lest cells of the invention. 
(20) Fig. 8 shows an exterior view of a meter in accordance with the invention. 

|21] Figs 9A-C show the connection of a electrochemical lest strip lo a meter in 

accordance with an embodimeni of Ihe inveniion. 
|22) Figs 1 OA-C show the connection of a elecirochemical test strip to a meter in 

accordance wilh anolher embodiment of Ihe inveniion. . 

Detailed Description of the Invention 

|23) The present invention provides electrochemical test strips lhat have a configuration 

tor the connectors ihai provide substantial advantages over known connector con- 
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figurations. The invention also provides meters that are adapted for receiving such 
electrochemical test strips, and combinations of meters and test strips. Although 
primarily illustrated in this application in the context of measurement of glucose levels 
in blood or other fluids, the connector configuration of the invention is suitably 
employed in electrochemical test strips for other electrochemically detectable analytes. 

[24) As used herein, the term "analyte" refers to substance for which a test is performed. 

The test may be qualitative (a measurable signal associated with the analyte is or is nol 
detectable), semi-quanhtitave (a measurable signal above or below a specified 
threshold provides a positive or negative indication) or quantitative (a numerical value . 
of the amount of analyte is provided). 

[25] As used herein the phrase "determination of an analyte" encompasses de- 

termination of the presence or amount of an analyte in any of these types of tests. 

[26) As used herein, the term "sample" refers to any type of sample in which the de- 
termination of an analyte is desirable. This would include without limitation bodily 
fluids, for example blood, urine, sputum, interstitial fluid, or saliva; commercial 
products, but other samples including beverages such as wine or soda, waste water, and 
other liquids may also be tested using the invention. Samples that are not liquids . may . 

. be suspended or dissolved in an aqueous solvent. 

[27) As used herein, the term "electrode" refers to a conductive element which in use is 
in contact with the sample. Two or more electrodes in contact with the samesample for 
an electrochemical cell. In a two electrode system, the electrodes are conventionally 
referred to a sa working and counter electrode. In a three electrode system, the third 
electrode is conventionally referred to as a reference electrode. The electrode material 

- employed is selected consistent with the nature of the analyte and the electrochemical 
reactions to be monitored, and suitable electrode materials for specific analytes are 
known in the art. Non-limiting examples of electrode materials include gold, silver, 
Pi, Ag/AgCI and conductive carbon. The electrodes in a given eTecurochemical strip 

. may be formed from the same material or from different materials, 

[28) The term "connector" refers to a portion of an electrochemical strip that is designed 
for contact with a meter that provides any necessary electrochemical impetus to the 
electrochemical strip and receives input from the strip for analysis and display lo the 
user. The connectors may be made from the same material as the electrode to which 
they are connected, or of different materials. 

|29) Each connector is in electrical contact with the electrode via a conductive "lead." A 

lead may be made of the same material as the electrode, the same material as the 
connector, the same material as both the electrode and the connector or different 
materials from both the electrode and the connector between which the lead extends. 

|30) As used herein, the term "contact pad" refers to the portion of the connector that is 
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actually contacted with a corresponding contact in the meter when in use. As reflected 
below, a connector may have a single contact pad, in which case the contact pad may 
be only the terminal portion of the connector, or may be coextensive with the 
connector. In cases where the connector comprises a plurality of contact pads, the 
contact pad are electrically isolated one from the other except for conductive paths 
leading through the remainder of the connector, the lead* or the electrode with which 
they are associated 

[31] In the present invention, the contact pad or pads of the second connector are 

between the contact pads of the first connector when viewed in the plane of the test 
strip. This does not require that the pads are exactly coplanar, and indeed in the 
examples shown herein the contact pads are not coplanar. They are, however, disposed 
in the stated orientation when the test strip is viewed in a plan view looking towards a 
major surface of the electrochemical lest strip. 

[32] Eg. )A shows schematic representation of an embodiment of ah electrochemical 

test cell of the invention, viewed from the sample application end. The cell is formed 
from a bottom layer ) 30, a top layer 131, and a middle layer 1 32. The top and bottom 
layers are electrically conductive, at least on the surfaces facing the middle layer 132. 
In preferred embodiments, the top and bottom layers 130, 13 J are an insulating 
substrate onto which a conductive layer has been cOated. As more clearly shown in 
Fig. IB in which the top layer 131 has been removed, the middle layer 132 has a notch 

133 formed in one edge. The notch 133, and the lop and bottom layers 130, 131 
together define a space into which sample is received when the electrochemical cell is 
in use. The volume of this space is thus defined by the thickness of the middle layer 
132 and. the dimensions of the notch. The electrochemical cell also has contact areas 

134 and 135 that are attachable to a meter to provide an electrical connection between 
the meter and the portion of the top and bottom layers 130, 13 J that are exposed in the 
space for receiving a sample. _ 

[33] The. middle layer 132 is an electrically resistive material which isolates the 

conductive layers, and prevents electrical conductivity between the electrically 
conductive top and bottom layers 130, 131, unless they are connected via a sample 
disposed in the space for receiving a sample. Non-limiting examples of suitable 
materials for use as this layer include polyimide, polyester, polyethylene terephthalaie 
(PET), polycarbonate, glass, fiberglass or other nonconductive materials that provide 
the desired support. The middle layer 132 suitably has a thickness of 500 to 50 mi- 
crometers. Thicker materials can be used where larger sample volumes are acceptable. 
Thinner materials can be used, but may create difficulties in handling, and increased 
difficulty in drawing sample into the finished cell since this thickness determines one 
dimension of ihe sample space. In a preferred embodiment of the present invention, the 
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sample space volume is less than 5 microliters and more preferably less than I 
microliter: In specific embodiments of the invention the volume of the sample space is 
500,300,200, 1 00 or 50 »i. 
[34] The conductive portion of top and bottom layers 130, 131 is selected consistent 

with the specific analyte that the electrochemical cell is intended to detect. Specific 
examples of suitable conductive electrode materials include gold, carbon, silver, 
palladium, and platinum. The conductive material used in the top and bottom layers 
130, 131 may be the same or they may be different from one another. In a preferred 
embodiment of the present invention the conductive materia) is gold. The conductive 
portion of the top and bottom layers is suitably a thin coating on one surface of an 
insulating substrate sheet. Materials used for the middle layer 132 may be used as this 
substrate as well. 

135) Depending on the analyte to be detected, the electrochemical cell may include a 
reagent composition disposed within the space for receiving a sample. )n the case of an 
electrochemical cell for the detection of glucose, this reagent composition suitably 
comprises an enzyme effective to oxidize. glucose, for example glucose oxidase, and a 
redox mediator, for example ferricyanide. Reagent compositions for this purpose are 
known in the art, for example from US 4,7 11, 245 to Higgins el al. and US 5,437,999 to 
Diebold el al., which are incorporated herein by reference. In a particular embodiment 
of the reagent comprises glucose oxidase and ferricyanide. 

136) In addition to its electrochemical function, the reagent composition, when present, 
may assist in overcoming the hydrophobiciiy of the sample space, so mat. blood or 
other aqueous sample can be drawn into the space by capillary action. Where a reagent 
is not used, surface treatment of the sample volume to reduce hydrophobiciiy and to 
facilitate sample introduction may be indicated. 

1 37) As shown in Figs I A and B, the test strip of the invention is substantially planar. 
This means thai the test strip has a lop substantially planar surface and a bottom sub- 
stantially planar surface that are substantially parallel. The term "substantially" is 
included in this statement to encompass deviations from perfect planarity and par- 
allelness fhat result from manufacturing variations in the thickness of materials used 
across the length and width of the strip, variations in the thickness of depositions such 
as film, ink or adhesive depositions across the length 3nd width of the device and the 
like. 

f 38) The present application relates to the design of the connectors in test strips such as 

that shown in Figs 1 A and IB. Figs. 2A andB show embodiments of connector con- 
figurations in accordance with the invention. In Fig. 2 A, theie are two peripherally 
located connector tabs, 141, 141' that extend from the top conductive layer and one 
centrally located connector lab 46 extends from the bottom conductive layer. Fig. 2B 
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' shows an aherna.ive embod.rnen. in which .wo peripherally Joca.ed connector tabs 
14), Ml" extend from the top conductive layer and .wo centrally located connector 
labs )46, )46' extend from Ihe bot.om conductive layer. 

[39J The connector/contact pdd configurations shown in Figs, 2A and B provide an 

■mportan. advantage in the use of disposable electrochemical ,es, strips. Because the 
comae, pads for the firs, electrode are always disposed i. a , .he periphery of , he .es, s , rin 
and .he con.ac, pads for the second electrode are always disposed centrally, metefs ^ 
^.gnedwhichacceptd.estnpinei.h.oflwoorientationsw^ 
.he electrode .ha. is associated with the contacts of the meler. Such metersare 
discussed in greater detail below. 

.40] Hg. 3 shows a further embodiment of the electrochemical tes. strip of the 

-nvenhon. Fig 3 is generally similar ,o Fig. 2A, excep, fta, ,he division of ,he comae. 
P a *°""orsl4l,14IMscom 

connector (if any) and the lead as reflected by dashed line 30 which reflects a scorin* 

or removal of the conductive surface on .he underside of layer 42 
141] .: F *. 4 shows a further embodiment of .1^^ . 

■nvem.on. Hg 4 is generally simi.ar ,o Fig, 2B (shown f rom (he bo„om), " ■ ,„„ 
the separanon of ,he contac, pads on connec.ors 146, 146' is continued through some 
or all of the balance of the connector (if any) a „„ , he , ead „ le{]eaed by ^ ^ 

40 wh.ch reflects a scoring or removal of the conducive surface on .be underside of 
layer 44. 

142) The separation of connec.ors and leads as shown i„ Rgs 3 and 4 can be used in 
combination in a single device. 

143) The connector configura.ions shown in Figs. 3 and 4 provide advantages in ,he area 
of faul, .estmg prior ,o the application of a sample when there is (or should be) no 
elec.nca. comae, between ,he electrodes. Damage to one of the electrodes or ,,s 

assocated leads ma, extends completely across the path of elecrica. connection wi.. 
prevent the complelion of .he circuit necessary for measurement However such 
damage is Ilo , detectable in a conventional electrochemical strip prior .o application of 
•he sample, ,he elec.rode and i.s associa.ed leads are no. par. of a circuit thai can be 
measured. As shown in Rg. 5, however, when the separation of the con.ac. pads on 
connec.ors ,41, ,41' (or 146. 146') is extended, the two contac, pads can be used as 
ends of a encui, ,o confirm .he continuity of the area around the sample cell 
I 4] Rg. 5 show$ jusI |he e , ec|r0(Je )ayer of a cd| whefe conntciws ^ ^ 

have an extended separation 550. The .oca.ion of me samp.e space 133 is shown in 
dashed hues. If ,he electrical connec.ion (for examp.e via a conducivny measuremem) 
•s assessed between connec.ors 54. and 54K. a good connection wi., be de.emnned 
prov.ded ,ha, .here is no damage ,o the conducive shee. .ha, ex.ends all ,he way -.cross 



WO 2005/1)6622 



7 



PCMB2005/05J660 



" either leg or the loop portion of electrode layer. For example, a scratch 503 or 504 
would be detected as a fail, while a scratch such as 505 would not. Since connection 
between the electrode portion over the sample space 133 and either one of the 
connectors 541 or 541' is sufficient for a valid lest result, this provides an easily 
achieved, non-destructive form of quality control which is actually more rigorous than 
the requirements of the operative device. 
[45] The ability to test the strip for electrical continuity before application of a sample 

presents a decided advantage from the user perspective. In the case of many diabetics, 
tests are performed several times a day, each test requiring that the user prick himself 
to obtain the sample. Because of small sample size required, a failed test strip may . 
require an additional prick with ihe lancet. Being able to test the strip to check for 
common manufacturing problems before the sample is collected reduces the risk of 
needing multiple pricks, ox the risk that a user will opt out of a needed iesl to avoid a 
second prick. 

[46] Electrochemical test strips in accordance with the invention can be manufactured 

using the method as illustrated in Fig. 6, 7 A and 7B and as described in US Patent Ap- 
plication No. 10/909,656 filed May 20, 2005, which is incorporated by reference. 

|47] Step One: An electrically resistive sheet is provided. The electrically resistive 

sheet 6) is coated with an adhesive on both major surfaces thereof. 

|48) Step Two: As shown in detail in Fig. 7A, two registration holes 71 are provided to 

the electrically resisiive sheet 61 from step one for manufacturing alignment and do 
not become part of the final device. The electrically resisiive sheel 61 is placed into a 
die assembly (not shown) wherein the die assembly aligns the electrically-resistive 
sheet via the two registration holes. The electrically resistive sheet 61 is then punched 
thereby forming a punched electrically-resistive sheet 62 with two large and two small 
openings through the sheel. The large openings 72 are the openings through which the 
electrical connectors will be formed. The small openings 73 are the-openings across 
which the notching opening, and the vent opening will be made define the sample 
space. 

[49] Step Three: The punched electrically resisiive sheel 62 is then adhered io a first 

electrically conductive sheet 63 thereby forming a combined sheel 64. The electrically 
conductive sheet has at least one surface coaled with a conductor, for example gold, 
which faces the punched electrically resistive sheet 62, and includes two registration 
holes in alignment wiih the registration holes of the electrically resistive sheet 62. 
Once ihe combined sheet 64 is formed, ihe conductive surface of the first electrically 
conductive sheel 63 is visible through the openings in ihe punched electrically resistive 
sheet 62. 

(50] Step Four: The combined sheel 64 is punched, ihereby forming a punched 
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combined sheel 65. Fig. 7B shows ibis punched combined sheet 65 in greater detail. 
The punched combined sheet 65 is cut such that both the proximal and distal ends of 
the rectangular opening are cut off, leaving the start of a generally rectangular/square 
sample space 79. The punch of step four also defines a first electrical connector 78 
through which the electrode formed from the first electrically conductive sheet may be 
electrically connected with a measuring device. 
|5 1] Step Fire: For purposes of making an electrochemical strip for requiring an 

external reagent, a reagent 613 is added to the punched combined sheet 65 over the 
Sample space 79, thereby forming a reagent sheet 66. For a glucose sensor, the reagent 
that is added lo the punched combined sheet 65 suitably comprises glucose oxidase and 
a redox mediator comprising ferricyanide. Preferably, the mediator is added in a liquid 
carrier that has a volume sufficient lo fill at least 50%, and more preferably a greater 
portion of the sample space. This results in a coaling of the mediator higher on the 
walls of the sample space, and therefore closer to the second electrode. This decreases 
the lime for mediator to reach the second electrode during use; and thus improves the 
response time of the device. Electrochemical cells in which this feature is claimed are 
described in International Patent Application No. PCT/1B2005/051659 which is in- 
corporated herein by reference. 
152) Step Six: Two registration boles are provided lo a second sheet of an electrically 

conductive material 67. The two registration holes are for manufacturing alignment 
and do not become part of the final device. Electrically conductive sheel 67 is placed 
into a die assembly (not shown) and. is punched thereby forming an opposite electrode 
sheel 68. The punch used defines the top electrode for the sample space. Thus, as 
shown in Fig. 7C r punched opening 74 defines a device tip 75 and a vent hole 76 
having the same shape as those in the punched combined sheet 65. The punch also 
defines a second connector area 77, for connecting the electrode formed from the 
second sheel of electrically conductive material; The punch formingjhe second 
connector area 77 is not Ihe same as the punch forming connector area 78, since what 
is desired is two nested sels of accessible contacts that do not make electrical contact 
one with another. 

I53J The second electrically conducive sheet 67 is suitably of the same material and 

construction of ihe first electrically conductive sheet 63, although if may be made of a 
different material, or include a label. 

|54] Step Seven: Opposite elecirode sheet 68 is adhered to reagent sheet 66 from step 

five thereby forming an electrochemical sheet 69, wherein Ihe registration boles of the 
opposite electrode sheer align with the registration holes of the reagent sheel. The 
conductive portion of opposiie electrode sheet 68 is in contact with the electrically 
resistive sheet of ihe reagent sheet 66. This step results in the definition of the sample 
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space, bounded by ihe two electrically conductive sheets on the top and bottom, and 
the electrically resistive sheet on the sides, and having openings at each end. 
155} Step Eight: Electrochemical sheet 69 from step seven is cleaved thereby forming a 

spent electrochemical sheet 6JD and two free elecirochemical cells 61 ) and 612. It will 
be appreciated however that the steps of this embodiment may be altered to result in a 
process thai produces more than or less lhan two electrochemical cells from a starting 
sheet. 

156) When used, the elecirochemical lest strips of the invention are inserled into a meter 
lhat has a contact configuration that matches the contact pads of the lest strip. A 
sample is introduced to Ihe sample receiving space eilher before or after the lest strip is 
placed in Ihe meter. Depending on the nature of the electrochemical reaction and 
analysis, a current, a potential difference or a charge may be appjicd 16 the electrodes. 
Alternatively, spontaneous electrochemistry occurring al the surfaces of the electrodes 
may be moniiored. ' . . 

157) Fig. 8 shows an exterior view of an exemplary, non-limiting embodiment of a 
meter in accordance with the invention, The meter generally comprises a housing 8 1 
with a slot 83 for receiving an elecirochemical test strip, and means for communicating 
Ihe result of the test to a user. Jn Fig. 8, ihe means for communicating the result is a 
visible display, for example an LCD display 82, which provides ihe user with a 
numerical value for ihe amount of analyie. Oiher means for communicating ihe result 
include a binary semiquantitative display, for example in the form of an LCD or LED 
display, a wireless data transmission system, for example a 102.1 Jb or 102. 1 1 g 
wireless data transmission link, an infrared data transmission link or a cell phone link, 
or a connector to which a cable can be attached, or example a USB cable, a RS-232 
serial cable or a parallel cable. The meter may also include an on switch lo start ihe 
measurement cycle if desired or buttons such as button 84 to control meter operation 
and display.These elements can be used in various combinations and are reflected in 
numerous meters known in the art. 

158) Figs. 9A-C show Ihe interior of the slot 83 in which meter contacts corresponding 
lo the conlacl pads of Fig. 3 are shown. Jn Fig. 9A T meter contacts 91 and 91 * bear on 
elecirochemical lest strip contact pad on connector 46 in the area between ihe 
connector labs 14) and 14)' (on which electrochemical lesl strip conlacl pads are 
disposed). Meier contacts 92 and 92' make contact with ihe bottoms of elecirochemical 
lest snip connector labs 141 and 141' (on which surface ihe strip conlacl pads are 
disposed) and more clearly show in ihe views shown in Figs 9B and C. 

159) Figures 10A C show anoiher embodiment of ihe invention in which ihere are cor- 
responding aligned connector pins that can make conlacl wiih the strip when it is 
inserled in eilher oriemaiion, up or down. Figure )0A shows a side-view where only 
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meter contacts 9 J and 92 are visible. Jn this illustration, each of the meter contact pins 
are in contact with their facing meter contact pin when a strip is not inserted; however, 
this is not a requirement. The meter contacts should allow for a strip to be inserted, 
either by being spaced apart by an appropriate gap or by allowing for deflection and/or 
bending upon insertion of a strip, either of which is referred to herein as a "space" 
between the contacts.. Figure 1 0B shows a top view of the meter contacts when a strip 
is inserted and illustrates meter contacts 91 , 9 J *, 91 *.\ and 91 *". Figure 10C shows a 
bottom view of the meter contacts when a strip is inserted and illustrates meter contacts 
92, 92\ 92", and 92**\ Since each of these meter contacts can be addressed separately 
by the meter, it is possible for the meter to apply testing current or voltage to confirm 
the electrical continuity of the strip assuming the strip has an extended separation in 
the lead portion of the connector. Thus, in the example of Figure JOB and 10C, the 
meter would measure low resistance between meter contacts 91* and 91** and between 
meter contacts 92*" and 92 when there is electrical continuity in the strip. . 

[60) The invention also provides a method for evaluating the electrical continuity of an 
electrochemical test strip for determination of an analyte in a sample prior to the ap- 
plication of that sample, comprising the steps of: 

[61) (a) inserting the test strip into a meter, wherein the the test strip comprises: 

[62) a fust electrode, a fust connector comprising two contact pads, and a first 
conductive lead extending between the fust electrode and the first connector to 
establish a path for conduction of an electrical signal between the first electrode and 
the first connector, 

[63) a second electrode, a second connector comprising one or more contact pads, and a 
second conductive lead extending between the second electrode and the second 
connector to establish a path for conduction of an electrical signal between the second 
electrode and the second connector, and 

[64) a sample chamber for receiving a sample, said fust and second electrode being 
disposed to contact a sample within the sample chamber whereby an elecuochemical 
signal is generated, 

|65) and wherein the contact pads of the first connector are separated by a separation, 

and this separation is extended through a portion of the lead of the first connector. 

|66) (b) observing current flow or resistance between the contact pads of the first 

connector in a pathway through the firs! electrode, wherein low current flow or high 
resistance relative to an acceptable standard value is indicative of poor electrical 
continuity. 

167) Within the meter of the invention are electronics that process the raw signal from 

the electrochemical test strip and convey it to the means for communicating the result. 
Specific approaches and apparaius for processing of this raw signal are known in the 
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" art, for example from US Patent Publication No. US 2005/0069892 A 1 , PCT 
Publication WO 2005/022143 and US Patent Applications 10/907,790 and 10/907,803, 
which are incorporated herein by reference. The specific electronics and signal 
processing methodology are not critical to the invention. 
(68] A further aspect of the invention is a combination of a meter and a test strip in 

accordance with the invention. 
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in 



12) 
13) 



I5J 

16) 

17) 
18) 



Claims 

I. A substantially planar electrochemical test strip for determination of Ihe 
presence and/or quantity of an analyie in a sample, comprising: 

(a) a first electrode, a first connector comprising two contact pads, and a firsl 
conductive lead extending between the firs, electrode and the first connec.or to 
establish a path for conduction of an electrical signal between .he first electrode 
and Ibc first connector, 

(b) a second electrode, a second connector comprising one or more contact pads 
and a second conductive lead extending between the second electrode and the ■' 
second connector toestablisb a path for conduction^ an electrical signal 
between the second electrode and the second connector, and 

(c) asample chamber for receiving a sample, said first and second electrode • 
being disposed to contact a sample within the sample chamber whereby an elec- 
trochemical signal is generated, 

wherein the contact pad or pads of .he second connector are between .he contact 
pads of the first connector when viewed in the plane of the lest strip ."' 

2. The test strip of claim I, wherein the test strip has a firs, major surface and an 
opposmg second major surface, and wherein the contact pads of .he firsl 
conneclor are exposed on ihe firs, major surface, and .he contact pad or pads of 
the second conneclor are exposed on Ihe second major surface. 

3. The lest strip of claim I or 2. wherein .he second conneclor comprises two 
contact pads disposed side-by-side in the plane of the lest strip. 

4. The test strip of any of claims I .o 4, wherein .he lest slrip has a firsl major 
surface and an opposing second major surface, and wherein .he contact pads of 
•he first connector are exposed on .he firs, major surface and on the second major 
surface, and ihe conlact pad or pads of the second connector are exposed on .he 
first major surface and ihe second major surface. 

5. The lest slrip according lo any of claims 1 lo A, wherein .he contact pads of the 
firsl connector are separated by a separation, and this separation is extended 
through a portion of Ihe lead of the firsl conneclor. 

6. The test slrip according lo any of claims I lo 5. wherein the second connector 
has .wo contact pads separated by a separation, and this separation is extended 
through a portion of ihe lead conneclor 

7. The lest slrip of of of claims 1 lo 6, further comprising a reagent for de.ec.ion 
of an analyle disposed within the sample chamber. 

8. The test strip of claim 7. wherein ,he reagen, comprises an enzyme effective ,o 
oxidize glucose and a redox mediator. 
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[9] 9. A meter for receiving an a substantially planar electrochemical test strip for 

determination of an analyte in a sample, comprising 

(a) a slot for receiving the test strip, wherein the slot contains meter contacts for 
making electrical connection with a received test strip to connect the test strip to 
the electronics, said contacts including a first set of electrode contacts disposed 
to make contact with two first electrode contact pads disposed at opposite sides 
of a test strip end received in the slot, and a set of second electrode contacts 
disposed to make contact with a second electrode contact pad or pads centrally 
disposed between the first electrode contact pads; 

(b) electronics for processing a raw signal received via the meter contacts the , 
from the electrochemical test strip to produce a result for the determination of the 
analyte; and 

(c) means for communicating the result to a user. 
[10) 10. The meter of claim 9, wherein the slot contains 

a top set of first electrode contacts and a bottom set of first electrode contacts, 
said top.set of first electrode contacts and said bottom set of first electrode 
contacts having a space therebetween for receiving a test strip whereby the first 
electrode contact pads are in electrical contact with the top or bottom set of first 
electrode contacts and. 

a top set of second electrode contacts and a bottom set of second electrode 
contacts, said top set of second electrode contacts and said bottom set of second 
electrode contacts having a space therebetween for receiving a test strip whereby 
the second electrode contact pads are in electrical contact with the top or bottom 
set of first electrode contacts, 
[jl] 11. An analyte measuring system comprising 

(a) a meter for receiving a substantially planar electrochemical lest strip for de- 
termination of an analyte in a sample, comprising 

a slot for receiving the lest strip, wherein the slot contains meter contacts for 
making electrical connection with a received test strip to connect the lest strip to 
the electronics, said contacts including a first set of electrode contacts disposed 
to make contact with two first electrode contact pads disposed at opposite sides 
of a test strip end received in the slot, and a set of second electrode contacts 
disposed to make contact with a second electrode contact pad or pads centrally 
disposed between the first electrode contact pads; 

electronics for processing a raw signal received via the meter contacts the from 
ihe electrochemical test strip to produce a result for the determination of the 
^ analyte; and 

means for communicating the result to a user, and 
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(b) a substantially planar test strip according to any of claims I lo 8 received 
within theslot. 

I>2) 12. A method for evaluating ,he electrical continuity of an declrochemjcaj l«l 

su,p for determination of an analy.e in a sample prior to the application of that 
sample, comprising the steps of: 

(a) inserting the test strip into a meter, wherein the the test strip comprises a firs, 
electrode, a first connector comprising two contact pads, and a firs, conductive 

)ead extending between the first electrode and the first connector to establish a 

path for conduction of an electrical signal between the first electrode and the firs, 
connector, 

... aseco »"elec.rode,asecondconnec.orcomprisingoneormorecon,ac,p a ds and 
a second conductive lead extending between the second electrode and the second 
eonnector to establish a pad, for conduc.ion of an electrical signal between the 
second electrode and the second connector, and 

a sample chamber for receiving a sample, said firs, and second electrode bei„ s 

dtsposed to contact a sample within sample chamber whereby an elec- 
trochemicaj signal is generated, 

and wherein the contact pads of the firs, connector are separated by a separation 
and tb,s separation is extended through a portion of the lead of the first 
connector, and 

(b) observing current flow or resistance between the contact pads of the firs, 
eonnector in a pathway through tbe first electrode, wherein low cunen, flow or 
h.gh reliance relative to an acceptable standard value is indicative of poor 
etectrica) continuity. 
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